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1 

HUMIDITY INDEPENDENT STATIC DISSIPATIVE LAMINATE 



The invention relates to static dissipative, high 
pressure decorative laminates; particularly such laminates 
5 which maintain the ability to effectively dissipate static 
electricity even at low relative humidities. 

For several years, going back at least to the early 
1980s, the need has existed for static dissipative work 
surfaces for use in various environments. Attention is 
invited to USP 4,784,908 (Ungar '908); USP 5,275,876 (O'Dell 
'876) and USP 5,244,721 (Wyche '721). While static 
dissipative laminates made in accordance with these prior US 
patents in general have excellent static dissipative 
15 properties, a continuing problem has been a serious reduction 
in static dissipative properties as relative humidity 
decreases. 

The U.S. Department of Defense defines the following 
relationship between static electrical properties and surface 
20 resistivity (in ohms/square or simply ohms) : 

Anti-static: greater than 10» . 

Static dissipative: between 10« and 10^ . 

Conductive: less than 10^ . 
Surface resistivity of standard high pressure decorative 
25 laminate is about 10^^ to 10^ ^ ohms/square. As shown in Table 
4 of Ungar '908, one example according to said patent had a 
surface resistivity which varied between 10^ ^ ohms at 17% 
relative humidity and 1.4 X 10^ ohms at 50% relative humidity. 
In another example according to Ungar '908 as shown in Table 
3Q 5, the surface resistivity varied between 4 X 10^ ohms at 10% 
relative humidity and 1.6 X 10^ ohms at 50% relative 
humidity. 

A static dissipative laminate having a surface 
resistivity on the order of about 10^ to 10^ ohms is needed 
35 for a work surface for the assembly of electronic components. 
Losses of electronic components attributable to electrostatic 
discharge have in the past amounted to tens of millions of 
dollars each year. Typically a tray or tote bin of electronic 
components such as integrated circuit chips, microcomputers, 
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transistors, etc., in simply being moved around, can pick a 
charge of thousands of volts, and in cases where the air has a 
low relative humidity, the voltage can reach 30,000 volts. 
When a so -charged component is touched or put down, the charge 
5 is suddenly discharged, destroying or damaging the electronic 
component . 

For this reason, electronic components are typically 
packaged in conductive containers. Workers wear special 
conductive clothing and shoes, and are grounded via wrist 

10 bands and floor mats. Air is conditioned and ionized. Even 
so, a worker whose hand is kept at zero potent ion by a 
grounded wrist wrap can "zap" such an electronic component 
when he picks it up. However, if the table top upon which the 
tote bin is placed is static dissipative and connected to a 

15 ground, then the 30,000 volts- of charge will leak off the 
components before the worker touches them. 

Thus, an important link in the chain of protection 
in the manufacture of electronic components against damage 
from electrostatic discharge during assembly, repair and use 

20 is the work surface. It is important that this work top not 
be conductive, but instead be in the static dissipative range 
of between about 10^ and 10^ ohms, and all work tops of less 
than 10^ ohms resistance are grounded through a 10® ohms 
resistor. If the work top has a resistance of less than 10^ 

25 ohms, it becomes a safety hazard for electric shock, a path 
for current between components, and it discharges too rapidly 
which may result in damage to the electronic component. 

While the static dissipative, high pressure 
decorative laminates of the above-mentioned patents function 

30 ^^^y well, there is a need for improved performance, and 
particularly for more uniformity of surface resistivity 
regardless of relative humidity. Thus, surface resistivity 
tends to shoot up in the winter when the relative humidity 
drops . In spite of the improvements provided by the 

35 aforementioned U.S. patents, the surface resistivity of static 
dissipative, high pressure decorative laminates can change 
several orders of magnitude between 50% relative humidity and 
10% relative humidity. 
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Attempts to control surface resistivity have in the 
past focused on the incorporation of conductive particles into 
the upper surface of the laminate. For example, the 
incorporation of carbon particles in laminate paper was tried, 
5 but as pointed out in the background section of the above- 
noted Ungar '908, this expedient was unsatisfactory, sometimes 
resulting in dusting of conducting material from the surface 
of the laminate as it wears, which conductive material by 
itself will result in damage due to electrical short circuits. 

IQ In addition, the color of these laminates is limited to black, 
which can provide human engineering problems. Conductive 
particles other than carbon black also tend to obscure the 
pattern or color of the decor sheet and thus reduce the 
attractiveness of the decorative laminate. 

15 Electroconductive particles other than pure metals 

and carbon black are known and commonly used as additives for 
thermoplastic resins to impart static dissipative properties. 
These conductive fillers are sometimes referred to as 
antistats. These products can be purchased from, among 

20 others, Dupont under the trademark Zelec ECP electroconductive 
powders in the form of antimony- doped tin oxide powders or 
antimony- doped tin oxide coatings on inert extended powder or 
flake cores. Other conductive antimony -doped tin oxide 
powders are sold under the name STANOSTATS by Magnesium 

25 Elektron, Inc., of Flemington, New Jersey. 

Static dissipative surfaces are available in 
materials other than high pressure decorative laminates, e.g. 
sse U.S. patents 5,284,705; 5,626,975; 4,571,361 and 
5,418,056. While products of this type are useful in certain 

30 environments, high pressure decorative laminates which meet 
the stringent requirements of the National Electrical 
Manufacturer's Association (NEMA) , the only products which can 
legally be called "high pressure decorative laminates", are 
highly desired as work product surfaces because of their 

35 ability to fulfill a large number of other requirements, 
including chemical resistance, heat resistance, water 
resistance, stain resistance, abrasion resistance, etc. The 
surfaces provided by the patents mentioned immediately above, 
while providing electric conductivity or anti- static 
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properties, do not possess the other desirable properties of 
high pressure decorative laminates. 

The recently issued USP 5,677,039 discloses the 
manufacture of decorative paper, which may be used in the 
5 manufacture of laminates, and which paper is indicated as 

being capable of dissipating electrostatic charges independent 
of humidity. This paper is said to be made by incorporating, 
during manufacture of the paper on the papermaking machine, 
particles having a lamellar structure coated with tin oxide 

10 doped with antimony. Alternatively, the paper may be coated 
after its formation with a composition comprising the 
antimony- doped tin oxide coated flakes in a hydrosoluble 
binder or latex such as polyvinyl alcohol or starch. However, 
such paper presents two main problems: 

15 First and most important/ such paper, when 

impregnated with a laminating resin such as melamine resin, 
and pressed into laminate, will inevitably have an 
impenetrable cured melamine resin surface coating which acts 
as an insulating layer to inhibit discharge of static 

20 electricity therethrough if the paper is made by incorporating 
the doped metal oxide flakes into the paper during the 
papermaking purpose. It is impractical in any event to 
incorporate these flakes into the paper during paper 
manufacture, because these doped metal oxides are very 

25 expensive, and there is a serious problem of retention of 
these particles during the papermaking process, with a good 
proportion of these particles passing through the screen and 
becoming either lost with consequent pollution problems, or 
requiring a costly recovery step. 

30 On the other hand, if such paper of USP '039 is made 

by applying the doped metal oxide coated flakes as a coating 
in a binder of starch, polyvinyl alcohol or the like, there 
will be limited penetration of the conductive flakes into the 
body of the paper; as a consequence, when the paper is then 

35 impregnated with thermosettable resin, e.g. melamine resin, 
and pressed into laminate, again there will be a hard, cured 
resin surface above the particles, and in addition no 
conductive path for the passage of electrons through the 
middle and bottom parts of the resin- impregnated paper layer 
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forming the decorative layer of the resultant laminate, and 
therefore again there will be no path for the discharge of 
static electricity. 

Second, the coated flakes used in USP *039 tend to 
5 obscure the design or color of the decor sheet, especially if 
coated on the surface of the decor paper and if they posses 
color. The flakes tend to align parallel to the plane of the 
paper; thus, even though the flakes are small, their 
accumulated effect is to at least partly block the light path 
10 to the surface of the paper. If the decor sheet is simply a 
solid color, the metal oxide coated conductive flakes will 
often change the color, as these flakes themselves possess 
color. If the decor sheet has a pattern printed on its 
surface, the conductive flakes tend to obscure the pattern. 

15 

It is, accordingly, an object of the invention to 
overcome deficiencies of the prior art, such as those 
indicated above . 

It is another object to provide for the safe and 
20 effective dissipation of static electricity from work tables, 
especially work tables for the assembly of electronic 
components . 

A further object is to provide an improved static 
dissipative, high pressure decorative laminate having a 
25 controlled surface resistivity over a relatively narrow range 
of about 10^ to 10^ ohms/square, over a large range of 
relative humidity, including relative humidities as low as 
10%. 

Still another object is to provide an improved 
30 static dissipative, high pressure decorative laminate which 
simultaneously has more consistent static dissipative 
properties regardless of the relative humidity of the 
surrounding air, an attractive decorative appearance, and 
excellent abrasion resistance. 
35 It is still a further object to provide an 

attractive static dissipative laminate which looks like normal 
high pressure decorative laminate having good heat resistance, 
water resistance, stain resistance, abrasion resistance and 
meets as well all other NEMA standards, has improved static 
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dissipative properties at very low relative humidities, i.e. 
below 25%, and which has a good surface transparency so that 
decorative properties of the laminate are not lost or 
significantly diminished. 
5 These and other objects and advantages of the 

present invention are achieved by incorporating with the 
laminating resin into the uppermost layer of the laminate, 
i.e. either the decor layer when the laminate has no overlay, 
or both the decor and overlay layers when both are present, a 
2^0 small amount of a conductive sub-micron powder which does not 
obscure the decorative nature of the decor layer. 

Static dissipative, high pressure decorative 
laminates in accordance with the present invention can be made 

15 starting with any of the constructions of the aforementioned 
U.S. patents to Ungar '908, Wyche ^721 and O'Dell '876, with 
the addition of an intrinsically electrically conductive sub- 
micron powder impregnated with the laminating resin into the 
top layer or layers of the static dissipative laminate to 

20 deliver the required static dissipative properties at very low 
relative humidity conditions. Accordingly, the disclosures of 
the aforementioned Ungar '908, Wyche '721 and O'Dell '876 
patents are hereby incorporated by reference. Regardless, and 
in accordance with conventional high pressure decorative 

25 laminate construction, the laminate will comprise two or more 
phenolic resin (phenol -formaldehyde resin) impregnated core 
sheets, covered with a melamine resin (melamine- formaldehyde 
resin) decor sheet either having an abrasion resistant top 
coating or covered with a melamine resin impregnated alpha- 

30 cellulose paper overlay which itself is optionally provided 
with an abrasion resistant top coating. 

The decor sheet may be solid colored or may have a 
design printed on its upper surface in accordance with 
conventional practice, and is preferably formed of alpha- 

35 cellulose paper impregnated with an aqueous solution of 
melamine resin in the usual way. To give this layer after 
formation of the laminate the desired abrasion resistance, an 
ultra-thin abrasion resistant layer may be provided consistent 
with USP 4,255,480 or USP 4,713,138, hereby both incorporated 



wo 99/38686 PCTAJS99/01927 

7 

by reference. To make the laminate scuff resistant, the 
ultra-thin coating may be further modified to contain solid 
lubricant in accordance with USP 4,567,087, hereby 
incorporated by reference. Alternatively, a melamine resin 
5 impregnated alpha-cellulose overlay may be placed over the 
decor layer, especially for improved gouge resistance; or to 
obtain both improved gouge resistance and abrasion resistance, 
an overlay having an ultra-thin abrasion resistant coating may 
be provided. Yet another alternative providing excellent 

10 gouge and abrasion resistance is taught by USP 5,344,704, 
hereby incorporated by reference. 

To provide static dissipative properties, the core 
sheets may be carbon impregnated according to the 
aforementioned USP '908, some of the core layers may contain 

15 carbon fibers according to the aforementioned USP '876, or 
some of the core layers may contain metal fibers according to 
the aforementioned USP '721, and with at least the uppermost 
layer or layers of the laminate containing an ionic salt and 
humectant as per USP '908. In accordance with the present 

20 invention, the melamine resin impregnant for the decor sheet 
and for the overlay, if the latter is present, further 
contains a small amount of conductive sub-micron powder in an 
amount of 3-13% by weight based on. the total weight of 
melamine resin solids in the liquid impregnating resin, 

25 preferably 4-10% by weight and most preferably 5-9% by weight. 
In terms of application rate, the sub-micron conductive powder 
may be suitably applied at a rate of 4.9 to 8.2 grams /m^ , 
although the application rate can be varied. 

Proper selection of the sub-micron conductive powder 

30 is very important. For example, for most purposes the 

aforementioned Dupont Zelec ECP powder is unsatisfactory for 
the present invention, because it tends to opacify the cured 
resin, and therefore suffers from one of the deficiencies of 
carbon black. On the other hand, Zelec ECP powder can be used 

35 in the present invention in those limited cases where the 
decor sheet is without a decorative pattern printed on its 
surface and is of a solid and relatively dark color, 
particularly blue, gray or green. 
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The preferred sub-micron conductive powders for use 
in accordance with the present invention are the STANOSTAT 
powders, and most particularly STANOSTAT CP 30 E from 
Magnesium Elektron, Inc. This material has an average 
5 particle size of 0.30 /im and a surface area (BET) of 8.0 M^/g. 
Its color is white to off-white, and it is a doped metal oxide 
having a composition of 90-97% tin (4+) oxide and 10-3% 
antimony oxide. It provides low surface resistivity and does 
not opacify the cured melamine resin, a:s its index of 

10 refraction is approximately the same as the index of 
refraction of the cured melamine resin. 

Other electroconductive powders can be routinely 
tested to determine their suitability for use in the present 
invention. In this regard, the sub-micron conductive powders 

15 suitable for use in the present invention must not only be 
capable of improving the static dissipative property of the 
laminate at low relative humidity, and also desirably provide 
little or no obscuring of the pattern or color of the decor 
sheet, but such submicron particles must not interfere with 

20 the other NEMA requirements of the high pressure decorative 
laminate. In addition, and in order for the aforementioned 
properties and characteristics to be achieved, the sub-micron 
conductive powder must be capable of withstanding the 
relatively extreme conditions to which the laminate assembly 

25 is subjected during the lamination process, and in particular 
relatively high curing temperatures under high pressure, e.g. 
140°-150°C under 1000-1200 psi for up to one-half hour or even 
longer, without undergoing degradation or other damage. 

As indicated above, the quantity of conductive sub- 

30 micron powder in the decor sheet, and also in the overlay if 
present, is kept low, i.e. in general no more than 13% based 
on the weight of melamine solids in the melamine impregnating 
solution. When the conductive sub-micron powder is the 
preferred STANOSTAT CP 30 E, the maximum quantity should be no 

35 more than about 10% by weight- Greater amounts of less 
conductive particles may sometimes be desirable, but 
quantities greater than about 13% will begin to adversely 
affect transparency. Moreover, as the conductive powder 
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material is expensive, there is a disadvantage in using more 
than is necessary to obtain the desired results. 

The quantities and identities of the other 
components, principally humectant, such as glycerin or 
5 aliphatic tertiary amine, and ionic salt such as lithium 
chloride, also have an effect on the quantity of sub-micron 
conductive powder. Lastly, care must be taken to prevent the 
addition of so much conductive material as to bring the 
laminate into the conductive range of less than 10^ ohms. In 

10 general, and especially when using the optimum amounts of 
humectant and ionic salt as per Ungar USP '908 and the 
preferred STANOSTAT conductive sub-micron powders of the 
present invention, the quantity of such s\ib-micron powder will 
most preferably be in the 6-9% by weight range. 

15 Incorporation of the conductive sub-micron particles 

in the laminating resin is essential to obtaining a 
satisfactory static dissipative laminate which retains 
excellent static dissipative properties even at very low 
relative humidities. This is so because the conductive sub- 

20 micron particles are then distributed throughout the thickness 
of the upper layer or layers of the resultant laminate, 
including the hard surface coating provided by the cured 
melamine resin, and regardless of whether or not such surface 
layer is provided with enhanced abrasion resistance as per 

25 USP '480, USP '138 or USP '704. In other words, the 

conductive sub-micron particles end up everywhere the resin 
penetrates, the resin providing a matrix for the sub-micron 
particles throughout the entire thickness of the upper layer 
or layers of the resultant static dissipative laminate. 

30 The following examples will illustrate the manner in 

which the invention can be practiced. It is to be understood 
that these examples are not to be considered limiting of the 
invention, but are offered illustratively. 
Example 1 

35 Control laminates were made and tested for static 

dissipative properties at different levels of relative 
humidity. The control laminates were made in accordance with 
USP '087 with an abrasion resistant decor sheet which may be a 
solid color or may have a design printed on its upper surface. 
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The decor sheet was saturated with an aqueous solution of 
melamine formaldehyde resin to 50-55% resin content and 5-7% 
volatile content. 

The core of the laminates comprised four phenol - 
5 formaldehyde impregnated Kraft paper (254 g/m^ basis weight) , 
the bottom two of which were modified by the addition of 4% 
lithium chloride on the basis of phenolic solids, and the 
upper two containing carbon fibers. 

The control laminates were pressed at 143-149°F and 
10 a pressure of 1,000-1,200 psi in a multi-opening press. The 
laminates were then tested for electrical properties at 50% RH 
(relative humidity) and 10% RH. The results on the electrical 
testing are tabulated in Table 1 and are each an average of 
four readings. 

15 

Table 1 



20 



Control Laminate 


Surface Resistance 
(Point-Point) 
(ohms) 


Point -Grovind 
Resistance 
(ohms) 


Volume Resistance 
(ohms) 


50% RH 

1 

10% RH 


3.3 X 10^^ 
2.2 X 10V2 


2.3 X 10^1 
6.5 X 10^1 


3.6 X lO^o 
7.1 X 10^0 


50% RH 

2 

10% RH 


4.5 X 10^^ 

1.8 X 10^2 


3.8 X 10^1 
€.8 X 10^1 


4.1 X 10^0 
8.5 X IQio 



None of the above laminates are suitable for use in 
static dissipative work surfaces at the relative humidities 
tested as both the surface and volume resistance are well 
outside the static dissipative range of 10« to 10^ ohms. The 
30 presence of carbon fibers filled conductive core also does not 
provide the desired low RH electrical properties. 
Example 2 

The next set of samples were made similar to Example 
1, except that the melamine formaldehyde resin used to 
35 impregnate the top decor sheet was modified by the addition of 
2.5% by weight of an ionic salt and 5% by weight of glycerin 
as a humectant based on melamine -formaldehyde resin solids. 
The modified resin is denoted below as MR-l. The decor sheet 
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in this case was only solid colors. The core of the laminates 
had the same construction as described in Example 1 . 

The samples were tested for electrical properties 
against a control (laminate made as described in Example 1) at 
5 50% RH and 10% RH conditions. The results on the electrical 
testing are tabulated in Table 2. The results on Sample 2 
(made with MR-1) correspond to an average of four laminates 
produced under identical operating conditions. 

10 Table 2 



Sample 


Surface Resistance 
(Point -Point) 
(ohms) 


Point -Ground 
Resistance 
(ohms) 


Volume 
Resistance 
(ohms) 


50% RH 

1 (Control) 

10% RH 


3.3 X lO^i 
2.5 X 10^2 


4 .1 X 10^1 
6.5 X 10^^ 


5.6 X 10^0 
8.4 X 10^0 


50% RH 

2 (MR-1) 

10% RH 


4.5 X 10'' 
5.8 X IQio 


2.8 X 10^ 
5.2 X 10^° 


. 6.5 X 108 
8.0 X 10^0 



20 

The tests show that the addition of an ionic salt 
and an aliphatic tertiary amine as a humectant to the melamine 
formaldehyde resin provide satisfactory electrical properties 
within the static dissipative range at 50% RH, However, at 
25 10% RH, the samples made with the modified melamine resin are 
unsuitable for use as static dissipative worktops and behave 
close to the control. 
Example 3 

Four samples were prepared similar to Example 2, 
30 except that the melamine formaldehyde resin was further 

modified by adding 5% by weight of 10 micron Activated Alumina 
(source: Alcan chemicals) based on resin solids in addition 
to 2.5% by weight of the ionic salt and 5% by weight of 
glycerin again based on total resin solids. The activated 
35 alumina has the capacity to absorb a large quantity of water 
due to its high surface area and pore volume and thus 
functions as an effective humectant. This resin is denoted 
below as MR- 2. The decor sheet in this case was only solid 
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colors. The core construction was identical te-that described 
in Example 1 . 

The samples mentioned above were tested for 
electrical properties against a control, which was made as 
5 explained in Example 2 using MR-1. The readings on Sample 2 
(made with MR- 2) correspond to an average of four laminates 
produced under identical conditions. 



Table 3 



10 



Sample 


Surface Resistance 
(Point-Point) 
(ohms) 


Point -Ground 
Resistance 
(ohms) 


Volume 
Resistance . 
(ohms) 


50% RH 

1 (Control) 

(MR-1) 10% RH 


5.3 X 10'' 
4.2 X lO^O 


3.0 X lO"' 
6.6 X 10^0 


5.5 X 10^ 
7.5 X 10^^ 


50% RH 

2 (MR-2) 

10% RH 


1.1 X 10'' 
3.B X 10^° 


8.8 X 10^ 
2.5 X 10^0 


1-5 X 108 
6.5 X 10^*^ 



15 



20 



25 



3D 



35 



The results tabulated above indicate that the 
addition of activated alumina to the modified resin improves 
the electrical properties (drops the resistance by almost a 
factor of 5) at 50% RH, but still there is no significant 
improvement at 10% RH. The MR-2 samples still show static 
dissipative properties well outside the static dissipative 
range at 10% RH and are unsuitable for use as static 
dissipative worktops at these low humidities. 
Example 4 

A series of four static dissipative laminates 
according to the present invention were made using solid 
colored decor sheets having an ultra- thin abrasion resistant 
surface and impregnated with melamine formaldehyde resin 
containing 5% by weight of STANOSTAT CP 30 E sub-micron 
electroconductive metal oxide powder (source: MET Chemicals) 
and 5% by weight of the glycerin based on total resin solids. 
No ionic salts were added to the resin formulation. This 
modified melamine resin formulation is denoted as MR-3. The 
core construction was the same as described in Example 1. 



wo 99/38686 PCTAJS99/01927 

13 

The samples were tested for electrical properties 
against a control, which was made as explained in Example 2. 
The average readings of the electrical tests on the four 
laminates made with MR- 3 are shown below in Table 4 under the 
5 sample name " Invention (MR-3 ) " . 



Table 4 
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Sample 


Surface Resistance 
(Point -Point) 
< ohms ) 


Point -Ground 
Resistance 
(ohms) 


Volume 

Resistance 
(ohms) 


50% RH 

Control 

(MR-1) 10% RH 


4.0 X 10'' 
8.0 X 10^° 


1.8 X lO"' 
5.0 X lO^o 


4.4 X 10^ 
6.7 X 10^0 


50% RH 
Invention (MR- 3) 

10% RH 


7.5 X 10^ 
9.0 X 10^ 


6.8 X 10« 
8,5 X 10^ 


1.3 X 108 
6.6 X 10» 



The MR-3 laminates according to the present 
invention show a definite improvement over the control and all 

20 other samples mentioned in the previous examples. The 

laminates are well within the static dissipative range at 50% 
RH. However, at 10% RH the surface resistance and point-to- 
ground resistance values are very close to the upper limit (1 
X 10» ohms) of the static dissipative range (1 x 10* to 1 x 

25 10^ ohms) , and the volume resistance is slightly higher than 
desirable. The laminates need to be improved to bring the 
volume resistance in spec at 10% RH and also bring the other 
resistances well within the static dissipative range. 
Example 5 

30 In an effort to further improve the electrical 

properties of the invention, four laminate samples were made 
with four different solid colored decor sheets impregnated 
with melamine formaldehyde resin containing 7% by weight (5.7 
g/m2 ) of the same sub-micron electroconductive metal oxide 

35 powder (source: MET Chemicals), 5% by weight of the glycerin 
and 2.5% by weight of ionic salt based on total resin solids. 
This resin is denoted as MR-4. The core construction was the 
same as described in Example 1. 
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14 

The samples were tested for electrical properties 
against a control, which was made as explained in Example 2. 
The average readings of the electrical tests on the four 
laminates made with MR-4 are shown below in Table 4 under the 
5 sample name " Invention (MR-4 ) " against the control values. 



Table 5 



10 


Sample 


Surface Resistance 
(Point-Point) 
( ohms ) 


. Point -Ground 

Resistcmce 
( ohms ) 


Volume 

Resistance 
(ohms) 




Control 
<MR-1) 


50% 
10% 


RH 
RH 


3.5 X 10'^ 
6.4 X lO^O 


1.6 X 10' 
5.6 X 10^° 


5.3 X 10^ 
7.5 X 10^3 


15 


50% 

Invention (MR-4) 
10% 


RH 
RH 


2.1 X 10« 
1.8 X 10» 


1.7 X 10^ 
1.5 X 10» 


2.5 X 10' 
8.0 X 10« 



The MR-4 laminate according to the present invention 
displays electrical properties within the static dissipative 
range at both 50% RH and 10% RH. The ionic salt dissolved in 
melamine resin was necessary to maintain electrical continuity 
in the "thickness" direction of the laminate. . This further 
helps to reduce the overall volume resistance. The laminates 
therefore provide effective static dissipation as static 
dissipative worktops over a wide range of relative humidities 
(10% RH to 60% RH) and also meet the proposed military and 
civil specifications on static dissipative work surfaces. 
Example 6 

Four laminate samples were prepared similar to 
Example 2, except that the melamine formaldehyde resin (MR-1) 
was further modified by adding 5% by weight of Zelec ECP 1410- 
M based on resin solids. Zelec ECP 1410-M is an electro- 
conductive powder from DuPont which consists of an antimony- 
doped tin oxide conductive layer over a mica core. The above 
conductive powder was added in addition to 2.5% by weight of 
an ionic salt and 5% by weight of glycerin based on total 
resin solids. This new resin is denoted as MR-5. The decor 
sheets in this example were solid colors, namely: Gray, 
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Almond, White and Biege. The core construction was identical 
to that described in Example 1 . 

The resulting laminates using the conductive pigment 
showed surface opacity as the inherent gray color of the ZELEC 
5 pigment obscured the decorative colored surface of the 

laminate. Out of the four solid colors stated above, only the 
gray laminate was acceptable as it blended well with the color 
introduced by the conductive pigment; the other three samples 
were commercially unacceptable from a decorative perspective. 

10 The four laminates, however, were subjected to 

electrical testing against a control (made as explained in 
Example 2) to determine their static dissipative properties at 
50% R.H and 10% R.H. The average readings of the electrical 
tests on the four laminates made with MR-5 are shown below in 

15 Table 6 under Sample 2 . 



Table 6 
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Sample 


Surface Resistance 
(Point -Point) 
(ohms) 


Point -Ground 
Resistance 
(ohms) 


Volume 

Resisteince 
(ohms) 




1 (Control) 
(MR-1) 


50% 
10% 


RH 
RH 


3.8 X lO"' 
7.5 X 10^0 


2.5 X iC 
6.5 X ipio 


6.1 X 10^ 
8.0 X 10^0 


25 


2 (MR-5) 


50% 


RH 


5.1 x 10^ 


3.3 X 10^ 


7.7 X 10'' 






10% 


RH 


4.0 X 10^ 


2.2 X 10® 


1.1 X 10» 



The laminates with ZELEC electroconductive powder, 
according to the above tabulation, demonstrate good static 

^0 dissipative properties close within the static dissipative 
range at both 50% and 10% R.H. They are also a definite 
improvement over the control . Though the laminates provide 
effective static dissipation, the conductive pigment used 
provides undesirable opacity to the decorative surface of the 

35 laminate. 
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1. A static dissipative, high pressure decorative 
laminate meeting NEMA standards, comprising at least two 
phenolic resin impregnated core layers optionally containing 
an ionic salt, at least one of which contains conductive 
particles or conductive fibers, and a melamine resin 
impregnated decor layer above said core layers, and an 
optional melamine resin impregnated overlay above said decor 
layer, said melamine resin impregnated decor layer and said 
optional overlay containing a humectant and optionally an 
ionic salt, characterized in that: 

said resin impregnated within and on said decor 
layer and said optional overlay contains an amount sufficient 
of submicron metal oxide conductive particles to provide said 
laminate with a surface resistivity within the range of 10^ to 
105 ohms at a relative humidity of 10%, without substantially 
obscuring said decor layer. 

2. A static dissipative, high pressure decorative 
laminate according to claim 1 without said optional overlay. 

3. A static dissipative, high pressure decorative 
laminate according to claim 1 wherein said overlay is 
present . 

4. A static dissipative, high pressure decorative 
laminate according to any of claims 1-3 wherein said sub- 
micron metal oxide conductive particles are present in said 
melamine resin in an amount of 3-13% by weight based on the 
total weight of melamine resin solids. 

5. A static dissipative, high pressure decorative 
laminate according to any of claims 1-3 wherein said metal 
oxide sub-micron conductive particles are present in said 
melamine resin in an amount of 5-10% by weight based on the 
weight of melamine resin solids. 
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6. A static dissipative, high pressure decorative 
laminate according to any of claims 1-3 wherein said metal 
oxide sub-micron conductive particles are present in said 
melamine resin in an amount of 6-9% by weight based on the 
weight of melamine resin solids. 

7. A static dissipative, high pressure decorative 
laminate according to any of claims 1-6 wherein said metal 
oxide sub-micron particles are in powder form and consist 
essentially of a mixture of 90-97% tin oxide and 10-3% of 
antimony oxide. 

8. A static dissipative, high pressure decorative 
laminate according to any of claims 1-7 wherein said 
conductive metal oxide particles have a refractive index 
approximately the same as cured melamine resin. 

9. A static dissipative, high pressure decorative 
laminate according to any of claims 1-8 wherein a said ionic 
salt is present in at least one of said core layers, said 
decor layer and said optional overlay. 

10. A static dissipative, high pressure decorative 
laminate according to claim 9, wherein a said ionic salt is 
present in each of said decor layer, said optional overlay, 
and at least one core layer. 

11. A static dissipative, high pressure decorative 
laminate according to any of claims 1-8 without said ionic 
salt in said decor layer and optional overlay, and wherein 
said conductive sub-micron conductive particles are present in 
said melamine resin in an amount of at least 5% by weight 
based on the weight of melamine resin solids. 

12. A static dissipative, high pressure decorative 
laminate according to claim 11 wherein said conductive sub- 
micron conductive particles are present in said melamine resin 
in an amount of at least 6% by weight based on on the weight 
of melamine resin solids. 
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13 . A resin impregnated paper sheet for use as an 
upper ply in the manufacture of a static dissipative, high 
pressure decorative laminate meeting NEMA standards, said 
sheet comprising a paper substrate and a curable resin 
impregnated within and coating said paper substrate, 
characterized in that : 

said curable resin contains 3-13% by weight, based 
on the total weight of curable resin solids, of sub-micron 
metal oxide conductive particles^ and optionally a humectant 
and an ionic salt. 

14. A resin impregnated paper sheet according to 
claim 13 wherein said paper is alpha-cellulose paper. 

15. A paper sheet according to claim 13 or 14 
wherein said conductive metal oxide sub-micron particles are 
present in an amount of 5-10% by weight based on the weight of 
solids of said curable resin, and wherein said humectant and 
ionic salt are also present in said curable resin. 

16. A method of making a resin impregnated sheet 
according to any of claims 13-15 comprising saturating said 
paper with said resin and drying said paper, characterized in 
that: 

prior to said saturating, mixing said curable resin 
with said sub-micron metal oxide conductive particles. 

17. A method of making a static dissipative, high 
pressure decorative laminate meeting NEMA standards, 
comprising assembling at least two phenolic resin impregnated 
core layers optionally containing an ionic salt, at least one 
of which contains conductive particles or conductive fibers, 
and a melamine resin impregnated decor layer above said core 
layers, and optionally a melamine resin impregnated overlay 
above said decor layer, said melamine resin impregnated decor 
layer and said optional overlay containing a humectant and 
optionally an ionic salt; and pressing said assembly under 
heat and pressure, characterized in that: 

said decor layer and said optional overlay, if 
present, are in accordance with .any of claims 13-15. 
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